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Abstract 
The occurrence and distribution of organic pollutants were investigated and their initial aquatic ecological risks were 
assessed in water of the Yangtze River Estuary (YRE). A total of 18 samples were collected from South Branch of 
YRE during the flood season in August 2012. Out of 956 organic compounds, 23 organic pollutants were detected by 
GC-MS and NAGINATATM software which were dominated by phthalate esters (PAEs), petroleum hydrocarbons 
(PHCs) and substituted benzenes. The total concentration of detected 23 organic pollutants varied from 0.585 to 53.7 
μg/L in the studied sites. Moreover, the total amounts of PAEs (∑PAEs), PHCs (∑PHCs) and substituted benzenes 
(∑substituted benzenes) were in the range of 0.184-53.344 μg/L, 0-0.164 μg/L, and 0.196-1.559 μg/L, respectively. 
The study revealed that PEC/PNEC ratios of 8 organic pollutants were higher than 1 (PEC: Predicted environmental 
concentration; PNEC: Predicted no effect concentration), while 3 of them Bis(2-ethylhexyl)phthalate, octadecane and 
nonadecane were found to be >100 and the remaining organic pollutants including diisobutyl phthalate, tridecane, 
dihexyl phthalate, methyl palmitate and methyl stearate ranged from 1 to 100. These results indicated significant 
ecological risks of the specific organic pollutants to the aquatic environment of YRE.  
  
© 2013 The Authors. Published by Elsevier B.V.  
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1. Introduction 
The Yangtze River estuary (YRE) is the largest estuary and an important industrial centre in China [1], 
in which shipyards, petrochemical plants, steel mills and many other plants are built in many ambient 
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towns. This attributed to the amount of organic pollutants discharged into the YRE. Furthermore, YRE is 
endowed with abundant fish resources which are prone to toxic chemicals discharged through 
bioaccumulation of organic pollutants and deterioration of other aquatic organisms.  
To date, most studies have focused on the determination of typical organic pollutants available in the 
sediment of YRE [2-6]. There are only several studies have discussed the typical organic pollutants in the 
water of YRE. According to Ou et al, polycyclic aromatic hydrocarbons (PAHs) concentrations in dry 
season (1.988 μg/L) are higher than in flood season (1.727μg /L) [7]. Some PAHs had exceeded the 
ecotoxicological assessment standard of EPA National Recommended Water Quality Criteria, and BaP 
exceeded the normal concentration of Chinese Environmental Quality Standards for Surface Water [7]. In 
2005-2006, the mean concentration of PAHs was 82.24 ng/L in normal season and 292.36 ng/L in flood 
season [8]. The 7 organic chlorine pesticides in water from the YRE were determined, and their mean 
concentration in normal season and flood season were 15.42 ng/L and 65.25 ng/L, respectively [8]. 
During the dry season of 2009, the total PCBs to range from 1.23 to 16.6 ng/L which was mainly 
dominated by tri-, tetra-, and penta-chlorinated biphenyls [9]. However, the main concerns of these 
investigations or studies were persistent organic pollutants. Despite of most of organic compounds to 
have potential ecological risks to the aquatic environment, yet no study conducted to determine a large 
number of organic pollutants in YRE water. This could be due to that analysis of standard compounds are 
necessary prior to sample measurement [10-14], which is time consuming and costive.  
Based on Kadokami et al.’s studies [15, 16], a simple and economical screening procedure 
NAGINATATM has been developed [17]. The procedure which is for GC-MS system quality control and 
data analysis support. Automatic compound search based on the calibration-locking database including 
the retention time, calibration curve and electron impact ionization mass spectrum of 956 compounds, 
including 126 additives for packaging material, 547 pesticides, and other 283 organic pollutants, can be 
performed after sampling [17]. Then confirmation and tentative quantification values of all pollutants are 
quickly obtained as analytical results without preparation of the standard compounds. With 
NAGINATATM and GC-MS, quantitative and qualitative results of the amount of organic compounds in 
the database were obtained which had significant time and cost saving. 
The present study was conducted to determine the occurrence and concentration levels of organic 
pollutants in water from YRE and evaluate their aquatic ecological risk. GC-MS and NAGINATATM 
were employed to screen the amount of organic pollutants in water samples. The predicted no effect 
concentrations (PNECs) were adopted to compare with the concentration of organic pollutants detected in 
water samples to evaluate the aquatic ecological risk. This study therefore, presents the distribution and 
characterizes the amount of organic pollutants’ contamination in water of YRE and identified organic 
pollutants which have risk to the aquatic environment. 
2. Materials and Methods 
2.1. Sampling Information 
The Yangtze estuary is divided into the South Branch and the North Branch. The South Branch 
constitutes the main stream of the estuary and receives above 95% of the total estuarine runoff [18], while 
the Changxing Island further divides the lower segment of the South Branch into two regions North Bay 
and South Bay. In August 2012, 18 water samples were collected at the 9 sampling sites of South Branch. 
In which surface water (0.5 m under water) and deep water (5 m under water) samples were collected at 
each sampling site. The detailed sampling locations are shown in Fig. 1. All the collected water samples 
were placed in 4 L ultra-clean brown glass sampling bottle and immediately transported to laboratory in a 
period of less than 24 hours.  
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Fig. 1. Sampling sites with the number of detected organic pollutants in surface and deep water samples of Yangtze River Estuary. 
2.2. Sample Pretreatment 
The water samples were concentrated by the Solid Phase Extraction (SPE) Glassware and Manifolds 
(GL Science, 47 mm) with three extraction disks, which were placed on Teflon support screen in order, 
from bottom to top, as Active carbon disk (AC, 3M Empore™ Activated Carbon 2272, 47 mm), 
Styrenedivinylbenzene disk (XD, 3M Empore™ Styrenedivinylbenzene SDB-XD 2242, 47 mm) and 
Glass membrane fiber disk (GMF, Whatman GMF 150, 47 mm). The extraction disks were conditioned 
with 10 mL dichloromethane (DCM, pesticide residue analysis grade; Honeywell Burdick & Jackson, 
USA), 10 mL acetone (pesticide residue analysis grade; Honeywell Burdick & Jackson, USA), 10 mL 
methanol (pesticide residue analysis grade; Honeywell Burdick & Jackson, USA) and 20 mL ultrapure 
water (Milli Q Integral; Nihon Millipore, Tokyo, Japan). Then water sample was extracted at a flow rate 
of under 100 mL/min. Thereafter, SPE disks were dried by vacuum for 30 min. Afterwards, the XD and 
GMF disks were eluted with acetone (10 mL) and DCM (5 mL), and the AC disk was eluted with acetone 
(10 mL). The eluent was dried in a nitrogen stream to 1 mL, and dehydrated the eluent by Na2SO4 
decantation after adding 10 mL n-hexane (pesticide residue analysis grade; CNW Technologies, 
Germany). Then the eluent was collected in conical reaction vials and the volume was reduced to 0.9 mL 
with a gentle flow of nitrogen. The extracts were then transferred to 1.5 mL glass vials with teflon-lined 
screw caps and added 100 μL internal standards (10 μg/mL, Naginata IS mix 3: Hayashi Pure Chemical, 
Osaka, Japan) prior to analysis. 
2.3. Gas Chromatography Mass Spectrometry & NAGINATATM Analysis 
The eluents were analyzed by a GC 6890/ MSD 5975 of Agilent Technologies. NAGINATATM 
software (version 2) [17] was provided by Nishikawa Keisoku Co., Ltd. The GC-MS system performance 
was evaluated using NAGINATATM by measuring a criteria sample mix solution, which contains 16 
criteria compounds and 8 deuterated internal standards. The following GC-MS conditions were used for 
the analysis of the eluent [16, 19, 20]. Separation was performed by a HP-5ms (5% phenyl, 95% 
methylsilicone; 30 m×0.25 mm×0.25 μm) fused silica capillary column. The injection of 2 μL solution 
was carried out in splitless mode, and the injection temperature was 250°C. The column head pressure 
was set at the retention time of chloropyrifos-methyl 16.593 min. For the GC separation, the oven 
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temperature was increased with 25 °C/min from 70 °C (2 min) to 150 °C, 3 °C/min to 200 °C, 8 °C/min 
to 280 °C hold for 10 min. The analytes were ionized in electron impact ionization mode (EI, 70 eV). The 
DFTPP target tuning (US EPA method 625) was carried out to obtain a uniform mass spectrum. The full-
scan mode scan range of 35-550 amu and scan speed of 2.86 scan/sec was used. The retention times of 
target compounds were fixed using the retention time locking (RTL) method which is known to give 
retention times with good reproducibility. 
2.4. Initial Ecological Risk Assessment 
Quantitative environmental risk assessment based on predicted environmental concentrations (PECs) 
and predicted no effect concentrations (PNECs) which proposed identification of the risk of detected 
organic pollutants to aquatic environment [21, 22]. In order to obtain conservative PEC/PNEC ratio, the 
detected maximum concentrations of organic polluantts were regarded as the PEC and the PNECs were 
proposed based on the lowest E(L)C50 and application of an assessment factor of 1000 [23-25]. 
ECOSAR software provided acute aquatic toxicity values (EC50 or LC50) of algae, daphnia and fish 
based on a structure activity relationship (SAR) for organic compounds [26]. The PEC higher than the 
PNEC meaned that the PEC/PNEC ratio is greater than 1, indicating the given substance of concern while 
the PEC/PNEC ratio is smaller than 1, suggesting no significant concern [23].  
3. Results and Discussion 
3.1. Occurrence of organic pollutants in water of YRE 
A total of 23 organic compounds were detected in surface and deep water samples of YRE, including 7 
phthalate esters (PAEs), 7 petroleum hydrocarbons (PHCs) and 9 substituted benzenes (Table 1). The 
total amount of 23 organic compounds varied from 0.585 to 53.7 μ g/L with the highest concentration at 
S3 site (surface water) and the lowest at S2 site (deep water). The total amount of PAEs (ěPAEs), PHCs 
(ěPHCs) and substituted benzenes (ěsubstituted benzenes) were in the range of 0.184-53.344 μg/L, 0-
0.164 μg/L and 0.196-1.559 μg/L, respectively. 
Table 1. The total amounts of PAEs, PHCs, Substituted benzenes and all pollutants in Surface and Deep water samples (μg/L). 
Site Compounds N1 N2 N3 M1 M2 M3 S1 S2 S3 
Surface 
PAEs 0.224 1.224 0.252 0.258 23.346 7.986 0.494 0.703 53.344 
PHCs -a - - 0.052 0.054 0.135 0.096 0.134 - 
Substituted benzenes 0.478 0.196 0.460 0.284 0.448 1.559 0.392 0.420 0.356 
Total 0.702  1.420  0.712  0.594  23.848  9.680  0.982  1.257  53.700  
Deep 
PAEs 29.828 0.418 0.871 0.782 16.418 0.446 22.832 0.184 37.622 
PHCs - - - 0.020 0.054 0.117 - 0.164 - 
Substituted benzenes 0.482 0.320 0.976 0.362 0.418 0.418 0.378 0.238 0.426 
Total 30.310  0.738  1.847  1.164  16.890  0.981  23.210  0.586  38.048  
a -: not detected. 
 
19 and 20 organic pollutants were detected in surface and deep water samples, respectively. Fig. 1 
showed the number of organic pollutants at surface and deep water of all sampling sites. The highest 
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number of organic pollutants appeared at the M3 site, which might due to large number of boats and solid 
rubbish around the M3 site. 
The concentration levels of ∑PAEs, ∑PHCs and ∑Substituted benzenes in the surface and deep water 
samples from the nine sampling sites of YRE are shown in Fig. 2. In the surface water samples, ∑PAEs, 
∑PHCs and ∑Substituted benzenes were in the range of 0.224-53.344 μg/L, 0-0.135 μg/L and 0.196-
1.559 μg/L, respectively. Similarly, in the deep water, ∑PAEs, ∑PHCs and ∑Substituted benzenes were 
in the range of 0.184-37.622 μg/L, 0-0.164 μg/L and 0.238-0.976 μg/L, respectively. It was observed that 
the maximum concentration of ∑PAEs was far higher than the other two compounds was attributed to 
Bis(2-ethylhexyl)phthalate (DEHP) with concentration ranging from 0 to 52.878 μg/L in 18 samples. The 
DEHP concentration reported in this study was similar with the studies in Gansu Province (1.04-109.93 
μg/L) [27], Henan Province (0.347-31.8 μg/L) [28] and Guizhou Province (17.83-31.6 μg/L) [29], and far 
higher than the Netherland (0.05-4.96 μg/L) [30], Zhejiang Province (2-2.53 μg/L) [31], Guangdong 
Province (2.03 μg/L) [32].  
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Fig. 2. The concentration levels of ěPAEs, ěPHCs and ěSubstituted benzenes in the surface and deep water samples (S: Surface 
water, D: Deep water). 
One-way analysis of variance (ANOVA) was employed to perform statistical analysis on the 
difference of concentration of detected organic compounds in surface and deep water samples. All p-
value of F-test in 9 sampling sites were more than 0.05 which indicated insignificant difference of 
concentration of detected organic compounds in surface and deep water samples. It might attribute to the 
high runoffs during the flood season and intense tidal effects in YRE. 
3.2. Initial Aquatic Ecological Risk Assessment 
The YRE water PNECs were derived for all organic pollutants (Table 2), whereas only 8 PNECs were 
calculated based on the experimental E(L)C50 data for algae, daphnia and fish could be established. The 
15 other PNECs were calculated based on the SAR estimated E(L)C50 value by ECOSAR software. The 
minimum E(L)C50 was divided by an assessment factor 1,000 to obtain the PNEC value.  The detected 
maximum concentrations of organic pollutants were regarded as the PEC to obtain the conservative 
PEC/PNEC ratio (Table 2).   
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There were 8 organic pollutants whose PEC/PNEC ratio were obtained to be > 1 in all samples, 3 out 
of them including DEHP, octadecane and nonadecane were > 100, while 5 out of them which includes 
diisobutyl phthalate (DIBP), tridecane, dihexyl phthalate (DHP), methyl palmitate (MP) and methyl 
stearate (MS) were 1-100 which signifies the ecological risks to the aquatic environment of YRE. The 
potential alert for the presence of the PAEs and PHCs in YRE was observed. However, PENCs of 
octadecane and nonadecane based on estimated E(L)C50 were smaller than 0.0001, suggesting the severe 
toxicity to aquatic species, which may attribute to the prediction errors of the E(L)C 50 by SAR in 
ECOSAR.  
Table 2. Standard restricted values, PNEC, and PEC/PNEC ratios of detected organic pollutants in water samples of YRE. 
Compound PNEC 
Surface water Deep water 
No. Con. (Max) (μg/L) PEC/PNEC No. 
Con. (Max) 
(μg/L) PEC/PNEC 
1,2-Dichlorobenzene 0.66 3 0.06 0.091  4 0.04 0.061  
2,6-Dichlorophenol 3.4 1 0.01 0.004  3 0.02 0.006  
2-Nitroaniline 0.987 p 8 0.17 0.176  8 0.16 0.160  
3-&4-Chlorophenol 2.5 1 0.16 0.066  1 0.16 0.062  
4-Chloroaniline 0.31 0 ˉd ˉ 1 0.04 0.129  
4-Nitrophenol 6.9 1 1.12 0.162  1 0.58 0.085  
4-tert-Octylphenol 0.21 2 0.03 0.133  1 0.02 0.105  
Acenaphthene 1.026 p 1 0.05 0.046  1 0.04 0.040  
Acenaphthylene 1.549 p 1 0.01 0.009  1 0.01 0.009  
Benzothiazole 35.88 p 1 0.11 0.003  0 ˉ ˉ 
DEHP* 0.01 p 3 52.88 5287.760  4 37.21 3720.960  
DBP* 0.48 1 0.18 0.385  1 0.08 0.164  
DHP* 0.025 p 1 1.12 44.800  0 ˉ ˉ 
DIBP* 0.624 p 9 0.38 0.613  9 0.78 1.254  
Fluoranthene 0.04 1 0.01 0.350  0 ˉ ˉ 
MP* 0.007 p 1 0.17 24.857  2 0.10 14.000  
Methyl Stearate 0.00155 p 0 ˉ ˉ 1 0.10 61.935  
n-C13H28(Tridecane) 0.008 p 0 ˉ ˉ 1 0.03 4.000  
n-C18H38(Octadecane) 0.00007 p 5 0.13 1803.499  3 0.09 1184.388  
n-C19H40(Nonadecane) 2.84E-05 p 0 ˉ ˉ 1 0.04 1549.296  
Nitrobenzene 57.841 p 9 0.29 0.005  9 0.27 0.005  
Pyrene 0.287p 1 0.02 0.056  1 0.02 0.070  
ATBC* 1.2p 5 0.22 0.187  3 0.10 0.085  
d Not detected p Predicted value of L(E)C50 by ECOSAR software 
* MP: Methyl Palmitate; DIBP: Diisobutyl phthalate; DBP: Dibutyl phthalate; DEHP: Bis(2-ethylhexyl)phthalate; ATBC: Tributyl 
O-Acetylcitrate; DHP: Dihexyl phthalate. 
 
In surface water samples (Table 2), PEC/PNEC ratios of DHP and MP were ranging from 1 to 100 
which suggest potential risks to the aquatic environment. The DHP and MP were only detected at sites N2 
(PEC/PNEC = 44.80) and S3 (PEC/PNEC = 24.857), respectively. PEC/PNEC ratios of DEHP and 
octadecane were higher than 100, which were detected at 3 sites (M2, M3, S3) and 5 sites (M1, M2, M3, 
S1, S2), respectively indicating a significant risk to aquatic environment. Similarly, in deep water samples 
(Table 2), the PEC/PNEC ratio for DIBP, tridecane, MP and MS are in the range of 1 to 100. While DIBP 
were detected in 9 samples, but its PEC/PNEC higher than 1 was found at the sites N3 and M1. 
PEC/PNEC ratios of MP, MS and tridecane were higher than 1, which was detected at S1, 3, S3 and S2, 
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respectively. PEC/PNEC ratios of DEHP, octadecane, nonadecane were higher than 100, and they were 
detected at 4 sites (N1, M2, S1, S3), 3 sites (M2, M3, S2) and 1 site (S2) with PEC/PNEC >100, 
respectively. 
4. Conclusions 
This study has provided the occurrence and concentrations of organic pollutants and assessed of the 
initial ecological risk of these organic pollutants in water from the Yangtze River Estuary (YRE). The 23 
organic pollutants, including 19 in surface and 20 in deep water samples, were detected by combination 
of GC-MS and NAGINATATM database and were dominated by phthalate esters (PAEs), petroleum 
hydrocarbons (PHCs) and substituted benzenes. The PEC/PNEC ratios of 8 organic pollutants were 
determined to be higher than 1, and 3 of them (DEHP, octadecane, nonadecane) were higher than 100, 
indicating a severe ecological risk to the aquatic environment of YRE. Therefore, we should pay much 
attention to the contaminations of PAEs and PHCs in YRE water.  
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